We present the extinction curves of long gamma ray burst (GRB) host galaxies (here after GRB hosts) utilizing the extinction feature of the optical afterglow of gamma ray bursts. The extinction curve of a galaxy is essential to understanding its dust and gas properties which in return will help us to reveal the origin of GRBs. We find out that the shape of the extinction curves may be divided into two clusters and are different from that of Milky Way (MW), Large and Small Magellanic Clouds (LMC and SMC). Fitting the extinction curve with the silicate-graphite model yields that in some GRB hosts (referred as Type-I) the dust size is small and their distribution is smooth and graphite content is extremely low; in some other GRB hosts (referred as Type-II) the dust distribution index and graphite content is similar to LMC but characteristic size is larger than that of LMC. In GRB hosts the dust size parameters cover a rather large range and the graphite content are low. The results may imply that GRB hosts are of young galaxies. Due to the different dust properties, it is possible that the progenitors or the explosion mechanism may be also different for this two groups of GRBs.
Introduction
The extinction curve and its spectral features is a useful tool to probe the size and composition of interstellar dust. However making the extinction curve relies very much on the observation of the obscuration of starlight, which is extremely difficult for distant galaxies. The Milky Way and the Large and Small Magellanic Clouds (MW, LMC, and SMC) are the only three galaxies with well observed interstellar extinction curves (Draine 2003) . Other than that, Bianchi et al. (1996) present UV extinction curves of M31 by observing selected bright stars. This reaches the limit of the application of traditional 'pair method'. When comes to larger distances, Berlind et al. (1997) have found the extinction curve of NGC2207 by observation of the overlapping of two galaxies; Calzetti (2001) has inferred the internal extinction by interstellar dust in starburst galaxies from observations of the overall emission spectrum; Falco et al. (1999) has determined the extinction law making use of the multiple images of gravitationally-lensed quasi-stellar objects (QSOs).
Gamma-ray Bursts (GRBs) are the most luminous objects in the universe, they emit so large amount of γ−ray photons (the isotropic energy can be high to 10 54 ergs) that could be detected to very high redshifts (z > 5). Their multi-wavelength afterglow can be well recorded due to their brightness. So far there are more than 50 redshifts of long GRBs, ranging from z = 0.0085 (GRB 980425; see Tinney et al. 1998 ) to z = 6.29 (GRB 050904; see Haislip et al. 2005) , are available. The standard fireball-shock afterglow model (Rees & Mészáros 1992; Mészáros et al.1997; Sari et al. 1998 ) is very successful in describing the observation of GRB afterglow (see Van Paradijs et al. 2000; Zhang & Mészáros 2004; Piran 2005 for recent reviews). In that model, the long term optical afterglow are mainly attributed to the synchrotron radiation of the electrons accelerated in the forward shock (Sari et al. 1998; Galama et al. 1998; Panaitescu & Kumar 2001) . Therefore, comparing the synchrotron spectrum with the detected multi-bands (infrared-to-ultraviolet) afterglow, we may be able to get the extinction curve of galaxies deep in the universe. Stratta et al. (2004) tried to fit the absorption in GRB afterglows with some typical known extinction law and found out that the SMC extinction curve produces better agreement than others. In this paper, the extinction curves of 10 GRB host galaxies have been measured directly. The size as well as the composition of the dust have been modelled. The constraint on the environment of GRB progenitors have been discussed.
The method
In the standard fireball model, the GRB afterglow can be well described by
(see Sari et al. 1998; Zhang & Mészáros 2004 for detail), where both α and β are related with the power-law index p (i.e., it is assumed that the shock heated electrons distribute with the energy as dn ∝ E −p dE). Therefore, with the decay index α, p can be well constrained. So is the intrinsic spectrum index β 0 .
The extinction of the optical afterglow consists of two parts. One is the Galactic's, which can be corrected using the reddening maps of Schlegel et al. (1998) . The other is the host galaxy's, which is what we want to deduce.
Taking into account of extinction, the flux F λ = F 0 λ e −A(λ) , where F λ has already been corrected for the Galactic reddening, A(λ) is the extinction from host galaxy, F 0 λ is the intrinsic flux without extinction. Setting V band as the zero point, we get
(λ and V are both measured in the rest frame). Then A(λ) − A(V ) can be obtained. In order to compare with MW, LMC and SMC, for each burst it is necessary to normalize the extinction curve into the form A(λ)/A(V ). According to the physical ground that A(λ) → 0 as λ → ∞, we fit the simple function
. Thus we extrapolate the function to λ → ∞ to get A(V ).
The standard graphite-silicate model has well accounted for the three observed extinction curves in MW, LMC, and SMC (Li & Draine 2001) .The fitting results of MW, LMC, and SMC by this model are illustrated in figure 1. We will apply this model again to the GRB hosts extinction curve to infer the information of dust size, graphite-silicate ratio, and size distribution index. In our model we assume the dust composition are mainly graphite and silicate and their size distributions are in the form dn ∼ a −α e a/ac da, where a is the radius of dust and ranges from 0.05 to 2.5 µm. The fraction of graphite dust is defined to be f gra so that silicate is (1 − f gra ).
Data
Although many GRB afterglows have been detected, to construct an extinction curve requires well observed multi-band data at the same time. We carefully collected the data from ten bursts at the time when their decay is in a steady state. The optical and nearinfrared UBVRIJHK flux F ν of each burst are listed in Table 1 . Corrections for the Galactic interstellar extinction have already been performed according to the maps by Schlegel et al.(1998) . β 0 is the intrinsic spectrum index calculated from fitting the decay index based on the standard model of afterglow. For each burst the data are all taken from the reference in table 1.
To compare the extinction properties in the rest frame of each burst, in the observer frame we need to calculate A(λ) − A[V (1 + z)]. The results are listed in Table 2 . And then we correct the wavelength by the factor (1 + z) to get A(λ) − A(V ) in the rest frame. The extrapolation values of A(V ) are also in Table 2 . 
The extinction curve
When we plot the results on one figure, they jointly form an average extinction curve. We find that there may be two types of the extinction feature (see fig 2., fig 3. ).
Comparing with MW, the most significant feature of the extinction curves of GRB host galaxy is the lack of the famous 2175Å bump, and GRB host galaxy's extinction curve seems to be flatter at shorter wavelengths ie. they are less selective than MW, LMC and SMC. Although the actual carrier that causes the 2175Å bump remains uncertain, it is generally accepted that it comes from some types of aromatic carbonaceous materials (Draine 2003) . The absence of this bump means that there's no such composition in GRB host galaxies. Type-II is more like a MW with the bump being removed.
Fitzpatric et al. suggested an excellent analytic expression for the extinction curve of Milky Way. We also employ this functional form to express the extinction curve of GRB hosts for convenience to practical use. Defining x ≡ λ −1 , the extinction curves can be described by the function
where
2 ), and
The analytic fitting parameters are listed in Table 3 .
We also plot the resulting extinction curve from the standard graphite-silicate model on the figures. They give a very nice fit to the data. We may use the curves to correct the observation of GRB afterglows instead of currently popular use of SMC, LMC , or MW extinction curves.
The resulting parameters of our modelling are listed in Table 4 . The dust size distribution index of Milky Way, LMC and SMC are similar, but the characteristic radii are different. Milky Way has the samllest dust size (down to ∼ 0.17µm) and highest graphite content (up to ∼ 0.70). The graphite content of SMC is very low (nearly to 0) with a relatively large dust size (∼ 0.26µm). Comparing with the three well known extinction curves (MW, LMC and SMC) the GRB hosts extinction curves have some different properties which are caused by different dust properties. Type-I has very small dust whose distribution is very flat and They jointly form an average extinction curve. The number in the brackets by each burst name is its redshift. For the purpose of comparison we also plot the WM, LMC, SMC extinction curve, the analytic expression and our modelling result here. This cluster of group is flatter than Type II (see fig 3) . There's some differences between the parameters inferred from the two types by our modelling (see table 4. for details). an extremely low graphite content (almost to 0). Type-II is very similar to LMC except that its dust size is much larger. Despite the dust size have a wide range (from Type-I's ∼ 0.2µm to Type-II's ∼ 0.3µm) as well as the distribution index (from Type-I's ∼ 2.6 to Type-II's ∼ 3.1) both types have relatively low graphite content (less than ∼ 0.22). From this comparison we see that the essence to GRB host galaxies is the low graphite content. The low graphite content means that GRB hosts are of young galaxies or the younger part of older galaxies which consist of a lot of young stars. This may support the massive star as the progenitor of long GRBs.
Summary & Discussion
We have presented the extinction curve of GRB host galaxies as a whole. We find out that these extinction curves are different from those of SMC, LMC, and our Galaxy. The typical extinction curve presented here may be used to correcting the flux measurements of GRB afterglows. There seems to be two kinds of extinction curves (see Fig. 2 and Fig. 3 for detail) , which implies that the dust of these two groups of host galaxies may be different. Another possibility is that these two groups of GRBs are in different parts of the host galaxies. Due to the different dust properties, it is possible that the progenitors or the explosion mechanism may be also different for this two groups of GRBs.
The observationally association of GRBs (z 1) with supernovae has been confirmed (Bloom 2003; Hjorth et al. 2003) . However in larger distances seeing a supernova directly seems to be very difficult. The origin of dust are mainly from the explosion of supernovae. The circumburst environment may be deduced by the extinction curve so that we can test the relationship between GRB and supernova further.
To date long GRBs are thought to originate from the collapse of massive stars (MacFadyen et al. 1999; Fryer et al. 1999) . That means GRBs are very likely to occur in the star formation regions which lies in molecular clouds. Direct multi-band from UV to submillimeter and radio studies of GRB host galaxies have been performed (see e.g. Berger et al. 2003; Christensen et al. 2004) . The star formation properties of GRB hosts are still in exploration. Utilizing the extinction curve will add another tool to probe the circumburst environment.
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